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Abstract
Total hip arthroplasty (THA) for osteoarthritis secondary to development  dysplasia of the 
hip (DDH) is facing increasing levels of complexity with increasing grade of deformity. 
The dysplastic acetabulum is characterized by diminished bone stock with decreased 
lateral coverage. Therefore, it is challenging to restore the anatomic center of rotation and 
ensure adequate acetabular component fixation. Surgical strategies include a medializa-
tion of the acetabular component, a higher hip center, lateral structural bone grafting 
and the selection of smaller component sizes to improve native bone coverage. Excessive 
femoral anteversion is commonly encountered in patients with developmental dyspla-
sia. Moreover, the intramedullary canal is narrow and the neck often aligned in valgus. 
Modular implants are helpful to address the altered femoral anatomy and also facilitate 
femoral shortening osteotomies in patients with high hip dislocation. Although clinical 
results are comparable to primary total hip replacement in primary osteoarthritis, the risk 
for revision surgery due to dislocation and loosening is increased. The current chapter 
reviews classification, preoperative planning, and surgical strategies for patients under-
going THA for osteoarthritis secondary to developmental dysplasia.
Keywords: developmental dysplasia, secondary osteoarthritis, primary total hip 
arthroplasty, bone grafting, femoral shortening osteotomy, complication
1. Introduction
Development dysplasia of the hip (DDH) is a common reason for primary total hip arthro-
plasty (THA) in young female adults. Surgical treatment is complicated by subluxation or 
dislocation of the femoral head out of the dysplastic acetabulum [1]. Complications occur 
more frequently due to the increased surgical complexity compared to THA in primary 
osteoarthritis. Understanding the underlying anatomical abnormalities in patients with DDH 
© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
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is of paramount importance for successful surgical treatment. The complexity is related to a 
dysplastic acetabulum with decreased lateral bone stock and coverage. Femoral anteversion 
is common especially in patients with lower levels of dysplasia [2]. In addition, most patients 
have a valgus neck alignment and a narrow medullary canal [3, 4].
2. Classification
The etiology of DDH is multifactorial and DDH is associated with positive family history 
and female gender [5]. Classification systems are based on the amount of displacement of 
the femoral head in relationship to the teardrop and predict the complexity of surgery. With 
increasing grade of deformity the acetabular bone stock is diminished. The most commonly 
used classification system was described by Crowe et al. [6] and Hartofilakidis et al. [7].
2.1. Crowe classification
Crowe et al. [6] classified DDH based on the grade of proximal subluxation of the femo-
ral head (Table 1). The subluxation is calculated on anterior-posterior radiographs by 
measuring the proximal subluxation distance between the inter-teardrop line and the 
transition point of the femoral head to the femoral neck (Figures 1 and 2). The grade of 
subluxation is defined as the proximal subluxation in relation to the undeformed femoral 
head diameter.
In Crowe grade I, the proximal subluxation of the transition point is under <50% of the verti-
cal femoral head diameter and in Crowe grade II between 50 and 74%. In grade III, proximal 
migration is about 75–100% and in grade IV more than 100% (Table 1).
If the femoral head is deformed, the vertical diameter of the femoral head is calculated as 
20% of the height of the pelvis (distance between the iliac crest and the inferior margin of the 
ischial tuberosity).
The Crowe classification predicts the complexity of surgery and with increasing Crowe grade 
complications are more common [8]. Furthermore, it was reported that the Crowe classifica-
tion correlates with grade of acetabular and femoral anteversion [2].
Grade Crowe classification Acetabular anteversion Femoral anteversion
I <50% subluxation 15° 42°
II 50–74% subluxation 10° 30°
III 75–100% subluxation 7° 43°
IV >100% subluxation 4° 27°
Table 1. Crowe classification and relationship with acetabular and femoral anteversion [2, 6].
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2.2. Hartofilakidis classification
Hartofilakidis et al. [7] classified dysplastic hips in three overall categories based on 
 radiographic appearance of the hip: in Type A the femoral head is articulating with the true 
acetabulum; in Type B the femoral head articulate with a false acetabulum and the false and 
true acetabulum are still connected; finally in a Type C the femoral head has migrated further 
proximal (Table 2) and therefore true and actual acetabulum are separated. This  classification 
Figure 1. On the radiographs a Crowe grade II deformity is shown (50–74% subluxation). The subluxation is calculated 
by measuring the proximal migration between the teardrop line and the transition point of femoral head-neck.
Figure 2. Radiograph of a Crowe grade IV deformity.
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system describes the anatomical deformity and predicts the complexity of acetabular 
reconstruction.
3. Preoperative planning
Standardized radiographs including calibrated anterior-posterior (AP) pelvis radiographs at 
the level of the anterior superior iliac spine and lateral hip views are required for templat-
ing. Standard AP pelvis radiographs including the iliac crest are necessary to grade the DDH 
using the Crowe classification. Computer tomography is useful for determining: (1) acetabu-
lar component position and bone stock, (2) the amount of femoral anteversion, and (3) the 
size of the femoral canal in order to determine if standard implants are feasible. Preoperative 
planning should incorporate planning of the center of rotation before and after surgery as 
well as the need for femoral shortening osteotomies. This is essential to restore adequate leg 
lengths. In addition, overall amount of lengthening should be determined to anticipate the 
risk of sciatic nerve palsy. Adequate sizing of the femoral canal is important in patients at risk 
for a shortening osteotomy (Crowe type 3 and 4) to assure adequate distal press fit.
4. Surgical approaches
Surgeons should use the surgical approach they are most comfortable with. Standard sur-
gical approaches include the direct anterior, anterolateral, direct lateral, and posterior 
Hartofilakidis Acetabular deficiency
Type A The femoral head is contained within the 
original acetabulum despite some degree of 
subluxation
1. Superior segmental deficiency
2. Secondary shallowing due to fossa-covering 
osteophyte
Type B The femoral head articulates with a false 
acetabulum that partially covers the true 
acetabulum
1. Anterior and posterior segmental deficiency
2. Narrow opening
3. Inadequate depth
4. Increased anteversion
Type C With high dislocation, the femoral head has 
migrated superiorly and posteriorly. The 
true acetabulum is inferior and anterior to 
the false acetabulum along the iliac wing
1. Segmental deficiency of the entire acetabular rim
2. Narrow opening
3. Inadequate depth
4. Excessive anteversion
5. Abnormal distribution of bone stock, mainly 
superoposteriorly
Table 2. Hartofilakidis classification [7].
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approach. Advantages of the lateral and posterior approaches are a good view of the 
acetabulum. The posterior approach also facilitates the access to the femur for shortening 
osteotomies. While the posterior approach has advantages for patients with more defi-
cient lateral bone stock and high hip dislocations, the direct anterior approach facilitates 
acetabular component reaming and placement due to intraoperative C-Arm imaging [9]. 
In addition, operating in a supine position facilitates restoration of leg length. Moreover, 
in cases with prior periacetabular osteotomies the surgeon can often utilize the same 
 incision [10].
In patients with severe DDH that require shortening osteotomy, it is advantageous to start 
with femoral preparation since the shortening osteotomy itself often greatly facilitates ace-
tabular exposure. Occasionally, a sliding trochanteric osteotomy can be required to improve 
abductor muscle tension [11]. Also the posterior capsule and external rotators should be pre-
served and repaired to reduce the risk of postoperative dislocation [12]. Postoperative weight 
bearing status is influenced by the type of surgical reconstruction and implant rather than the 
surgical approach. More advanced postoperative precautions are usually applied to patients 
undergoing a posterior and direct lateral approach.
5. Acetabular component implantation
In DDH, the acetabulum is often shallow and oval. This results in altered anatomic landmarks 
and it can be challenging to identify the true acetabulum. Identifying the teardrop (junction 
of the ischium and pubis) either clinically or using intraoperative fluoroscopy is of absolute 
importance to locate the true acetabulum [13].
Finding the balance between restoration of the center of rotation and adequate lateral bone 
coverage requires careful preoperative templating and surgical experience. Lateral coverage 
can be improved by medialization of the cup and decreasing its size to improve coverage in 
case of lateral bone deficiency.
In most cases the center of rotation is slightly elevated to improve lateral coverage. This does 
impact on postoperative leg length and needs to be carefully considered when restoring post-
operative leg lengths. Finding the right compromise is also important to avoid a high hip 
center that can affect postoperative function [1, 14, 15]. In addition, a high hip center increases 
the forces on the acetabulum and can increase the risk for cup loosening [16, 17]. Therefore, in 
general it is recommended to restore the center of rotation within 15 mm of the center of the 
true acetabulum or <35 mm superior to the interteardrop line [18].
A modern porous coated spherical cup, including smaller sizes (40–46 mm) should be 
available with maximal head size to improve stability. During acetabular reaming, the 
anterior wall should be protected, as it is often very thin and most of the bone stock is 
available  posterior (Figure 3). Therefore, the authors recommend to ream preferentially 
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posterior. While  medialization is important, care should be taken to avoid over medializa-
tion with loss of medial bone fixation. The authors prefer reaching the inner table with-
out penetrating it completely. Whenever the cup extends medially beyond Kohler’s line 
medial bone grafting with graft from the reamer can help later restoration of the medial 
wall.
Lack of lateral coverage up to 17 mm of uncovered implant arc is acceptable for all implant 
sizes [19]. For larger acetabular components (52 and up) with less than 45 degree of cup incli-
nation up to 25 mm of the cup can remain uncovered. If preoperative templating suggests 
that a larger area of the cup is not covered by bone than lateral bone grafting, utilizing the 
femoral head fixed with two screws (Harris plastic) is recommended [20] (Figure 4). Good 
long-term results with incorporation of the graft were reported for this technique [21, 22]. 
Metal augments can alternatively be utilized to improve lateral fixation [23], however, the 
authors prefer a biological restoration of bone stock using the Harris plastic. To facilitate 
the graft fixation and reaming, it is usually advised to make the decision to proceed with 
bone grafting early during the acetabular reaming. Modern robotic cup implantation using 
the Mako® system (Stryker, Kalamazoo, MI) allows for perfect reaming of the acetabulum 
Figure 3. Computer tomography reveals that in the posterior part of the acetabulum there is more bone stock available. 
Reaming should be done more posteriorly to protect the anterior wall of the acetabulum.
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according to the preoperative plan and is an appealing treatment option for patients under-
going THA for DDH.
5.1. Crowe classification: how it impacts acetabular fixation
In Crowe grade 1 deformities acetabular component fixation is often not too difficult, because 
in most cases adequate bone stock is available. Therefore, good implant-bone coverage can be 
achieved almost always without bone grafting or excessive medialization.
Crowe grade II and III deformities are the most difficult defects to restore. In these deformi-
ties the femoral head is more subluxated, and significant parts of the lateral bone stock are 
missing. However, while most Crowe 2 and 3 can be managed similar to grade I by placing 
the cup proximal-medial and by using a smaller cup size, occasionally a Harris plastic is 
indicated.
Crowe grade IV deformities are easier to manage because the femoral head was dislocated 
from the acetabulum without continuous pressure on the lateral bone stock. In most cases 
the hip center can be restored with a smaller acetabular component in anatomic position. In 
these cases care should be taken not to over ream since the bone is often soft due to the lack 
of weight bearing. Restoration of the center of rotation in Crowe grade IV might require a 
femoral shortening osteotomy to facilitate reduction of the hip.
Figure 4. Postoperative radiographs after restoration of a Crowe grade III deformity. The anatomical hip center is restored with a 
femoral bone graft (Harris plastic).
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6. Femoral reconstruction
In comparison to patients with primary osteoarthritis, the dysplastic femur has a narrower 
and straighter intramedullary canal [24, 25]. In mildly dysplastic hips standard femoral stems 
can often be used. However, the proximal bone is often osteopenic and its valgus alignment 
can increase the risk of calcar fractures if broached implants are used. A femoral wire-cerclage 
of the proximal femur just above the lesser trochanter can be used prophylactically.
Modular implants (for instance S-Rom® system, DePuy, Warsaw, IN) allow the surgeon to 
use a standard implant for patients with small canal diameter and excessive anteversion while 
preserving the option to do a femoral shortening osteotomy [26]. The proximal modular 
sleeve can be selected according to the proximal metaphysis shape and size.
Modular implants also allow to correct excessive anteversion and adjusts the medial spout 
according to the amount of valgus present [12]. Surgeons should be aware that excessive fem-
oral anteversion is more common in patients with lower Crowe grades. Excessive femoral 
anteversion can also be corrected using derotation of the proximal fragment during a femoral 
shortening osteotomy [13].
In grade Crowe III and especially IV, subtrochanteric shortening osteotomies are often indi-
cated [27]. Limb lengthening is generally possible between 2.5 and 4.5 cm [28]. If more length-
ening is required, femoral shortening is recommended to avoid sciatic nerve palsy [29, 30]. 
Especially patients with prior surgeries are at increased risk for sciatic nerve palsy and less 
lengthening might be possible in these patients.
Preoperative planning is crucial to assess the location of the osteotomy, diameter of the stem 
as well as extend of lengthening. While a shortening osteotomy can be performed using a 
cemented stem, today, usually a modular uncemented femoral component is preferred. The 
removed bone segment can be split in coronal plane and utilized as bone graft by wiring the 
bone shells on each side of the osteotomy to improve rotational stability. Theoretically, an 
oblique osteotomy can improve rotational stability; today transverse osteotomies are usually 
preferred to facilitate derotation of the proximal fragment.
Alternatives to shortening osteotomies are swan neck prosthesis or two stage skeletal traction 
followed by THA [31–33].
To facilitate intraoperative reduction soft tissue releases including release of the gluteus maxi-
mus insertion on the proximal femur, elevation of the gluteus medius of its insertion on the 
ilium, release of the psoas off the lesser trochanter as well as releases of the anterior and 
posterior capsule might be necessary. In case of a severe adduction contracture, a postopera-
tive percutaneous release of the adductor tendons can be considered. It is crucial to carefully 
balance the need for soft tissue releases to facilitate reduction and the need for stability of the 
hip to minimize postoperative dislocations.
Recommended bearing options in THA for DDH are metal or ceramic on highly crosslinked 
polyethylene-bearing combinations.
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7. Hip resurfacing
In young male patients with Crowe grade I or II deformity, hip resurfacing can be a valu-
able treatment option with satisfactory results [34, 35]. However, hip resurfacing can face a 
number of challenges in patients with DDH: because of the valgus neck alignment restoration 
of hip offset is usually challenging; excessive femoral anteversion and leg shortening cannot 
be corrected using a hip resurfacing; finally, acetabular components rely on primary press fit 
and screw augmentation is not possible for most resurfacing components. If a limb-length 
discrepancy of more than 2 cm or a Crowe grade III or IV deformity is present, hip resurfac-
ing is not recommended [36]. Advantages of hip resurfacing include preservation of bone 
stock, better range of motion, and stability as well as increased ability to participate in sport 
compared to conventional THA.
8. Postoperative mobilization
While early mobilization is encouraged in patients undergoing THA for DDH, patients requir-
ing modular implants or more advanced bone grafting and shortening osteotomies often need 
to observe toe touch weight bearing on crutches for 4–6 weeks. Standard postoperative anti-
thrombotic prophylaxis is recommended.
Shortening osteotomies might require additional abductor precautions during the first 
4–6 weeks. Hip precautions are usually enforced for patients undergoing a posterior approach.
9. Complications
Complications are more common in patients undergoing THA for DDH [37]. A higher inci-
dence of proximal femoral fractures is encountered due to the dysplastic narrow femoral canal.
The incidence of dislocations in dysplastic hips is increased and postoperative dislocation is 
the most common reason for revision surgeries within the first 6 months [38]. Dislocations are 
commonly anterior as a result of extensive combined anteversion and are not influenced by 
Crowe grade or the need for shortening osteotomies [39]. Moreover, smaller head diameters 
due to smaller acetabular component sizes and a decreased femoral offset are additional risk 
factors for dislocation. The medialization of the cup can result in a decreased femoral offset 
and bony impingement.
Increased polyethylene wear can occur because of the smaller component sizes with thinner 
polyethylene inserts, resulting in osteolysis and acetabular component loosening [40].
Also the risk for sciatic nerve palsy is increased and its risk is associated with surgical com-
plexity and history of prior surgeries [41]. Nonunion or delayed union can be encountered in 
patients with femoral shortening osteotomies [42, 43].
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A higher incidence of infections was reported for patients undergoing THA for DDH compared 
to osteoarthritis. This might be secondary to the increased surgical complexity, increased surgi-
cal time, as well as the need for extensive soft tissue releases and utilization of bone grafts [13].
10. Outcome
The functional outcome of THA in DDH is comparable to primary THA in  osteoarthritis 
[44, 45]. However, the revision rate is higher compared to patients with osteoarthritis and 
increases with severity of the deformity [8, 37]. Increased revision rates in cemented compo-
nents due to loosening and increased wear were reported in the past, but modern implants 
and surgical techniques have remarkably improved the long-term survival rates [46]. Even in 
cases with shortening osteotomies modern implants provide satisfactory mid- and long-term 
functional results [47, 48].
A proper restoration of hip mechanics and soft tissue balance is important to provide the best 
functional results after THA. An anatomical restoration of the hip center improves function 
and decreases acetabular component loosening [18]. Functional results in severe DDH are 
poor compared to primary osteoarthritis [42], which might be related to the accompanying 
soft tissue contractures and preoperative functional status. Patients may also have a limb after 
surgery due to muscle weakness of the abductors. However, in general THA in DDH pro-
vides significant increase in function and quality of life in the long-term follow up [49]. Prior 
pelvis osteotomies can increase the surgical complexity, but do not influence the complication 
rate or outcome [50, 51].
11. Conclusion
Preoperative planning is crucial in developmental dysplasia. With increasing grade of defor-
mity, the surgeon should have special modular implants available and should be prepared to 
perform femoral shortening osteotomies as well as lateral acetabular bone grafting. Modern 
THA provides good long-term results, however, complication rates are increased compared 
to THA in primary osteoarthritis. It is important to communicate realistic expectations, dis-
cuss the increased risk of complications and alert the patient to the possible need for protected 
weight-bearing.
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